Mechanical behaviour of materials during and after cutting process is depended on various factors. Surface topography is set of factors including mechanical and geometrical properties. From the surface topography, it is possible to resolve the transition from ideally elastic to quasi-elastic and plastic stress-strain states, particularly by finding a neutral plane of cut, where the compressive and tensile components are still in equilibrium. The paper solves the problem of the nonexistence of a new method for calculation of dynamics of stress-deformation states of deformation tool-material systems including the construction of stress-strain diagrams. The presented solution focuses on explaining the mechanical behavior of materials after cutting by abrasive waterjet technology (AWJ) which is a flexible tool accurately responding to the mechanical resistance of the material according to the accurately determined shape and roughness of machined surfaces. Theoretical results were compared by a certified laboratory VUHZ.
INTRODUCTION
Knowledge in the area of material properties has been obtained over a very long period of time. The current state of the problem is causally associated with and is a logical continuation of this historical development. At present, it is potentiated by the fast development of technology and the requirements given by the properties of the materials being worked with. The main aspect is the level of dimensioning of structural elements from the point of view of their functional load, safety, life, and also costs and environmental impacts. These are also observed parameters of technological products, i.e., machines, constructions and structures from the point of view of their competitiveness.
What has to suit the rapid development of technology is the sufficiently fast development of measurements of physico-mechanical properties of exploited materials, because the measured properties are the primary and fundamental tools of the designer to satisfy the requirements given. Moreover, it can be stated that, in some aspects, the development of measu-rement methods somehow falls behind the development of technology and requirements for engineering design quality. By means of classical methods, it is difficult to obtain a number of very important physico-mechanical parameters with the required accuracy. It is the case of, for example, sufficiently accurate determination of engineering and true Young's modulus, elastic limit, yield point and ultimate strength, including the still existing uncertainty in measurement and also in the analytical processing of the stress-strain relationship in the plastic area of material deformation [1, 2] . All these parameters are of highest importance to the safety, stability and life of constructions, structures and machines. There are several methods and models developed to characterize the deformation behavior of materials: tensile tests, compression tests, torsion tests, etc. [3] [4] [5] [6] . These standard tests are very laborious, tedious, and technically and financially demanding processes. It should be emphasized that these tests are carried out in different laboratories with different subjective and objective conditions. Therefore, the results obtained for the same materials are often incomparable, and in many cases, tabulated values usually have large variances and are taken to be indicative only, and therefore, cannot be considered as a proven value for a specific material.
The mechanical properties are used to describe particular parameters quantifying the resistance of a material to deformation and failure [7] [8] [9] [10] [11] [12] . Current scientific databases contain a large number of papers in the fields of modeling and simulation of the plastic deformation of materials under specific types of loading. Of particular importance are: continuum-based models of improved anisotropic plasticity models, dynamic dislocation simulation of microstructure and plasticity and mainly simulation of the plastic deformation of materials in more realistic deformation conditions, discrete dislocation statics and dynamics, lattice defects at the grain scale, and poly-crystal plasticity deformation [12] [13] [14] [15] [16] [17] [18] [19] [20] . These models describe the material response to deformation across the whole fundamental length scales, from the atomic to the continuum scale. Different methods of surface analysis are described in the world literature, but only from the point of view of surface geometry, and not from point of view of analysis of stress-deformation material behaviour. The aim of this paper is to introduce, in addition to the technological aspects, a new analytical evaluation procedure for specific elements of the topography of surfaces generated by flexible machining tools. The structure as well as the surface topology is a unique representation of the physical-mechanical reaction of a material subject to the cutting tool. The knowledge of the topography function is of high importance to other analyses and prediction of the state of surface topography with a change in the cut material or technological regime as well as at the feedback control of final surface roughness. The analytical knowledge of rules of the zonal distribution of values of geometrical and stress-strain parameters is a precondition for the development of prediction equations that are important not only for the selection of a suitable technology.
EXPERIMENTAL SECTION
Thirty samples with a size of 20 mm × 20 mm were prepared by abrasive waterjet cutting. The surface irregularity distribution was measured using the optical profilometer MicroProfFRT. The used materials were: STN17251/AISI309, STN17240/AISI304, STN11523/ S355J2G3. The measurements were made using the conventional contact profilometer on 22 measurement levels and 4 sides created at different traverse speeds of the cutting head. As the abrasive material, recycled Garnet 80 MESH was used. All main cutting parameters were determined in advance for each material individually in compliance with the procedure patented by the authors according to [21] .
We measured the three-dimensional surface topography using an optical profilometer FRT MicroProf (Fries Research & Technology GmbH (FRT), Bergisch Gladbach, Germany). On the basis of these measurements (see Figure 1a , b), data were analyzed and interpreted to describe theoretically the topography of the surface. In order to determine the exact value of the Young's modulus of tensile elasticity, a tensile test was performed in accordance with ISO 6892 1. Round shaped testpieces with threaded ends (M12) of dimensions: diameter of testing sample d = 8.0 mm, gauge length Lc = 45 mm, total lengths Lt = 85 mm were used for testing. The test-pieces were conditioned at +22 °C/40% r. h. for 6 h prior to the test. Used test rate: 20 MPa/s up to achieve yield strength, 0.004 s-1over yield strength up to final breakage of the test-piece. A piezoelectric extensometer was used for the determination of the yield strength. All the testing equipment was calibrated in accordance with ISO 7500. Testing was performed on a Tira Test 2300 universal testing machine ( Figure 2 ).
Figure 2. Universal testing machine-Tira Test 2300.

SURFACE TOPOGRAPHY
The main geometrical parameters of the surface topology and their mutual functional and distribution relationships are defined. The knowledge of the topography function is of great importance for the analysis and prediction of the surface topography state for any change in the technological regime and/or change in the cut material [22 -26] . As the main geometrical elements of the cut wall surface, the following parameters are proposed: surface roughness Ra, cut trace retardation Yret, angle of curvature of cut trace (deviation) δ and depth of cut hcut, and potentially the thickness of the sample being cut (Figure 3) . The surface roughness grows in all places where deformation stress and deformation force, i.e., the working ability of the tool, decrease [27] . For the assessment of surface roughness as the permanent deformation, merely two geometrical states, i.e., initial and final, have usually been considered so far. This is why it is necessary to proceed in short elementary time stages dt. A theoretical basis for the derivation of the topography function for selected main variables is the use of the stress-strain parameters of the cut material in conjunction with a solution for the mechanical equilibrium of the system: material properties-tool propertiesdeformation properties as seen from Equation (1).
(1) When a beam is subjected to stress, the existence of a neutral plane is found. By analogy, the zone which we have named the neutral plane h0 is one of the zones in flexible cuts. Here, the tensile and compressive states of stress are aligned. Location of the plane h0 in cuts varies depending on the material. The position of neutral plane h0 is readable e.g., in Figure 3 , in this article, where it significantly separates the smooth surface from the grooved one.
From the measured data, their analysis and interpretation, we defined a neutral plane at the local minimum of the topography function at the roughness value Ra = Ra0 = 3.7 μm. Ra0 is an empirically determined value obtained from the surface topography measurements of materials. The value obtained by calculation is 3.7 for different materials. Its range of fluctuation is between 5% and 10% depending on the type of measurement selected [28] .
The following explicit equations for the dependence of the main deformation parameters Equations (2)- (5) on the depth of cut h for irregularities of the surface characterised by parameters Ra-roughness, Yretretardation of cut trace, h-instantaneous depth and δ-deviation angle can be stated: 
According to the derived equations, in Figure 4 , there are relationships concerning the distribution of geometrical elements of surface topography in the plane containing the cut trace. The graphic dependence δ = f (h) documents the achievable depth of the cut hlim in a specific material and the decomposition of the cut trace after reaching the limit angle of deviation δ = 90°. The limit theoretical depth can be expressed by the relationship hlim = 10 3 ·Kplmat (mm), which corresponds to the result predicted by theory, as well as the results of the statistical evaluation of the experiments suggested.
Process of Deformation
The functions for an analytical expression of the intensity of an increase in plasticity are those that affect the deformation intensity of trace and the surface of separating cut wall. According to Figure 5 , those functions are growing adequately with the growth of the angle δ and the plasticity index INDpl and depending on the depth h, or in accordance with the relative deformation ε or according to the time tcut. In the default expression, the notation of functional relations in the form of INDpl = f (Emat, Erz, σrz, Kplmat, Ra, hcut, h0, ε, δ, δ0, tcut…σres) can be used. Also, a significant influence of the growth of residual σres on the increase in plasticity of the surface and the core of material is expected. The behaviour of the function σres is given, according to the derivation by the authors [29] by the relationship Equation (5) 2 sin 180
σres = f (sin δ) is here, which justifies the influence of residual stress on the intensity of increasing plasticity. Therefore, it is also illustrated in the graph in Figure 5 . The equation for σres was verified using an ultrasonic method [29] . The examination of plasticity rate vpl = INDpl/tcut (1/s) is also of interest. As shown in Figure 4 , the local maximum vpl is within the first millimetre of depth where the disintegrating tool starts to penetrate into the material. Based on the Equations (6)-(8) derived for the basic form of a topography function for the plane containing the trace, functional relations of stress and deformation quantities to instantaneous surface deformations in the cut can be defined. Thus, the following equations for the decomposition of these quantities into the tensile and compressive components, including their summarized values and values on the level of neutral plane will be obtained. For the total stress, Equation (6), which contains the decomposition component of stress σrz, of Equation (7) for compression and the decomposition retardation component of tension σret of Equation (8), applies.
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Construction of the σ-ε and σ-h Graphs
In the following figures, the dependence of stressstrain functions on relative longitudinal elongation (Figures 5-8) is shown, as well as a comparison between conventional stresses for single materials in the case of measured values (Mes) and theoretical values, the difference between them being less than 10%. They include the following equivalents of basic tabular elasticstrength parameters of technical materials, including the values of the parameters at the main, arbitrarily chosen limits of deformability: σc-stress in material core (MPa), Rfr-ultimate strength at failure (MPa), Re-yield point (MPa), Rel-elastic limit (MPa), Ataz-elongation limit (%), δmax-angle of deviation of cut trace for depth hmax (°), hRe-depth at yield point (mm), εel-relative elongation at elastic limit (-), εRe-relative elongation at yield point (-), εRm-relative elongation at ultimate strength (-), εfr-relative elongation at failure (-), Rmengengineering ultimate strength (MPa), Rmtrue-true ultimate strength (MPa), σdtrue-true deformation stress (MPa), σdeng-engineering deformation stress (MPa). The comparison of the stress-strain curves of the figures given above show that the tensile test performed in VÚHŽ Ltd. perfectly reproduces the experimental test. Thus, it shows that the equivalents of mechanical parameters and their relationships are correctly determined. The equivalents of mechanical parameters obtained from the above given equations seem sufficient to give the response to the elastic and plastic zone, necking occurrence and fracture. To confirm our method, another experiment has been performed with different materials (see Tables 1). This table contains the values  obtained by tensile testing and the values obtained by  theoretical prediction calculations (see equations  above) . All values can be also verified in [30] . The surface topography reflects a degree of influence of the cofactors causing the deformation. Relationship between microstructure, material surface properties are complicated. Here we described one method, how to determinate them. Surface roughness always increases where deformation stress and deformation force diminish. We studied the influence of Young modulus on the main topographic parameters (such as Ra in the trace of cut and Rad in the cross section). An important analytical factor is the determination of geometric parameters and position of equilibrium/ neutral plane (Rao, ho) in the cut produced by abrasive waterjet cutting. The value h0 varies for different materials and is a function of Kplmat and Emat. This solution enables us to get the final values of parameter Kplmat for different materials; to evaluate the influence of differences in parameter Kplmat on the main technology parameters and on roughness and to create σ-ε graphs in order to describe in a predictive way the space-time behaviour of the whole cut. 
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